. begins by gathering together plasma membrane proOne concern about the biophysical contortions of the teins and lipids through interactions with cytosolic adapmembrane at the constricted neck is the high degree tors and accessory factors. Some of these cytosolic of curvature, both positive (around the circumference factors bind to clathrin and stimulate its polymerization of the neck) and negative (the sharp bend as viewed into a spherical basket of pentagons and hexagons. As perpendicular to the plasma membrane) (see Figure 1) . the endocytic vesicle forms, the plasma membrane and One model that tried to account for these extremes associated proteins and adjacent extracellular fluid are in curvature suggested that the enzymatic activity of pulled inward into the cytosol. Upon scission, the endophilin (the condensation of lysophosphatidic acid ϩ clathrin-coated vesicle is released into the cytoplasm acyl CoA to form phosphatidic acid) altered the curva- (Figure 1) . ture of the membrane by physically changing the comClathrin accessory factors generally exhibit multiple position of the phospholipids from "inverted cone protein interaction domains that allow them to form a shaped" to "cone shaped," and thus affected the inherweb of contacts. Clathrin-coated vesicles are not highly ent disposition of the membrane (Schmidt et al., 1999). enriched for accessory factors, thus, these factors are However, this model is now disfavored since endophilin not structural, but rather perform regulatory or catalytic lacking the enzymatic activity can still tubulate memfunctions at specific stages in endocytosis. One accesbranes (Farsad et al., 2001 ). These final scission events sory factor, epsin, was discovered in 1998 by virtue of are likely to require quite different changes in membrane its binding to another accessory factor, eps15 (Chen et structure and curvature as compared to those that initial., 1998). Epsin has become a focus of interest due to ate bud formation, to which we now turn our attention. its interactions with membranes, accessory proteins, role for epsin in the process of endocytosis, the precise
Figure 1. The Process of Endocytosis Is Depicted as a Series of Events Beginning with the Initiation of a Bud and Culminating in the Release of a Clathrin-Coated Vesicle into the Cytoplasm
Bud initiation is thought to occur in part by the association of epsin as well as adaptor proteins like AP2 binding sorting signals on receptor tails. As the bud forms and constricts, the activities of other proteins such as endophilin and amphiphysin cooperate at the edge of the growing clathrin coat to remodel the lipids at the bud neck. The GTPase activity of dynamin is required for the scission event that separates the vesicle from the plasma membrane. Negative and positive curvature are indicated by arrows in the inset.
functions of epsin and its ENTH domain have remained
ENTH domain when bound to the headgroup of PIP 2 , IP 3 . They came to the surprising conclusion that the elusive (Wendland, 2002 , 2000) . In the predicted to penetrate membranes can therefore contribute to membrane affinity and be a driving force for targeting. ENTH/PIP 2 complex, the lipid tail points in the same direction as the exposed hydrophobic face of helix 0, Signaling proteins that have membrane-penetrating domains-PKC is the most famous of these-have long leading to a consistent model for membrane penetration (Figure 2) . been known to be sensitive to changes in membrane biophysical properties, including modulation of curvaThe ENTH structure differs from the above-mentioned domains in that it is a single amphipathic helix that pene- ture is complicated, and there will be a few more bends lipids in a 50 nm diameter vesicle. Thus the change in in the road before the story is all told. the physical environment and conformation of individual
PI(3)P is bound (Hurley and Misra

